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ABSTRACT 

The use of Kruskal^s nonnetric multidimensional 
scaling model for analysis of classroom interaction data is 
discussed. Four distance models are proposed vhich lead to 
multidimensional representation of single sequences, sets of 
sequences, and behavior categories using symmetric and conditional 
proximity options of the model. Results of application of the four 
models to real data revealed that single sequence and sets of 
sequences vere adequately represented in spaces of tvo or three 
dimensions. The dimensions vere interpretable as classroom climate 
variables and/or affective or cognitive content of verbal behavior. 
Relative advantages of symmetric and conditional proximity models are 
discussed. {Author) 
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Sequential c^t^orization of classroom behavior has been an imporlsi^t 
source o£ data in analysis of the dynamics of classrom instruction for some 



years. A number of category systems have appeared since Flandei*s' intrCKiuction 
Cn of the technique, but modelB for quantitative analysis of data so produced 

have been conspicuously absent. To be sure, indexes such as direct* indirect 
Influence ratios are well knovm, but these are essentially ad hoc indexes 
based on frcquGnoy ooiints of behavior In sets of categories clustered on 
what appear to be essentially intuitive grounds. A notable exception to 
the absence of coherent models Is the suggestion by Darwin (1959) that class- 
room interaction sequCTces can lntei*preted as realization^^ of one-dependent 
(Markov) probability chains. He derived a series of four likelihood ratio 
tests to evaluate the hypothesis that ttfo or more interaction sequences are 
realizations of the same Markov chain. 

Pena (1972) reported an empirical study of the applicabity of the 
Darwin tests to real data and concluded that long chains were notj in factj 
one-dependentj therefore the Darwin procedures were inappropriate. Onfortunately 
there were certain loglcftl and methodological flaws in^her study which compromised 
this conclusion. Some of the flaws in her study are discussed in another 
paper presented at this convention (Hartnett fit Rumeryj 1973 )j and evidence is 
presented which suggests iliat chains of lengths typically encountered in class- 
rocan situations arej indeedj one-dependent. Applicability of the Sarwin 

\J ^4)ata and support were provided by Experimental Project 178 of Illinois State 

C\ University and the Office of the Superintendent of Public Instructionj State 

^ of Illinois, Crifted Program Development Secti<mj 1969 - l97l. Qiarles E. Gr^ 

^ and Sictoard C. TouiigSj Co*Dir©ctors. 



testn crovidGS a b^.sis Tor dGterdininr v;}":€tliCr tuo or r^ore i:;tE;r^ctlon soquencer 
di/fer and :^\K-V\er Gi:!forc:ice is due to dirforciicos in Hie tirie spent in any 
one catGj;ory ^.efore tah^vior in anotier catsfrory is o":s€r^/ed Csteadjr-state 
probabilities), diLfarences in tr^.nsitior, -:robrib ill ties inde^eidoiit of stcajv- 
stj^tc prtf j''':llitie£, or di-A^orencss in totnl e c:ovota<? to ^n'f c^tGi^or/ of 
l:a!v:vior (occripatlon probabi^'-itiai^), 

iTt^en i.nrlcov chrins are usee: ^ odcln represGnti ps*/c;:olor:ical orocoes^js 
suci^i as .er':or/, concept ^ttalnjiant, or the like, trcinsitionR arts ordinr_rily 
^efev'een hypotjieticral sV^^tes ini*errcQ i^roK ';GhGvior*-iiot i^otereGn discrete classes 
or o)JScn'a-ble bel^avior* It s^or.s plautiible to suggest tiat a variety of dif- 
x*Qrent interrxtion sjequencr^s could manifestr.tions of a reduced set of state 
to £jtate transitions^ Additionall/^ the conclusion th?.t tojo observed chains 
are di^ferjont, bassd on ?Lpnlication of the teets propoiscd D^u^^fin, leaves 
unansTjered thG question of hoir these chairs differ* In principle, thG qUGstion 
of ijtietJicr teiTo or 'ore distifict transitions are r'',anif c-stritions of ci singlG 
latent or hjrpothetical state transition, as vjell as tiie question of uhat latent 
char;>cteri sties under I7 manifest differences in interaction sequences is 
^MsnaVle to r,ultir;i ^ensiotial scrling# 

'j?Qr:;Grson (l?5f0 has trr^Titea ?:i.ltidlTieaslonal scalin^r p.s a fe^o-stage 
process. In t!iG ..irst sta^o, enpirical observations are transfoined into 
interpoint distances represent! vif; dissinilarity bettjeen observed events or 
objects. In the second stafG, points are reprnscntod in a coordinate space 
(usualV, but not ali:£ys Dxclicia-n) preserving certain properties of the inter* 
point distances* T!;is paper is concerned uith applica.tion of one nonnetric 
irmltidinensional ccallnpf nodcl (Xruskal, X96U) in uhich points are represented 




a netric spf^cc iv*hioh optimiae?. goodness of fit to the ordinal properties of 
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of the interpoint distances. First, I will discuss two models for transforming 
data in interaction matrices to interpoint distances. Ihen, I will describe 
some specinen results obtained from analysis of interpoint distances using the 
Kruskal method. Finally, I will discuss some persisting metiipdologicaL questions 
and some implications of tile metiiod for research on teaching. 

Bie complement of interpoint distance is, of course, interpoint proximity. 
.Coombs (l96k) has identified two distinct forms of proxirai t#:-xidta : syimnetric 
proximity data and conditional proximity data. Symmetric proximity data almost 
invariable involve relations between eladients of a homogeneous set: subject- 
by-subject; stiraulusrby-stimulus; observed variable-by-ob«erved variable, as 
in factor analysis; or, in the circumstances we are considering here, category- 
by-category or classroom-by-classroom. Conditional proximity data involve 
relations between elements of heterogeneous sots' sub^Ject-by"Stim:ulus or 
classroom-by-category. Symmetric proximity data lead to multidimensional 
representation of elements of a single set in an object- or subject-space. 
Conditional proximity data lead to multidimensional repi-esentation of elements 
of two distinct sets in a Joint- space. 

Bie probability of occurence in a class3:*ocHii I of behavior in category £ 
(in I^arkov chains, identified as occupation probabilities) can be directly 
interpreted as conditional proximity of classroom 1 to category J. In a 
sense, the order of occupation probabilities can be said to represent the 
order of "preference" of tiie classroom for behavior in various observed cat- 
egories. Transition frequencies or probabilities can be transformed to sym- 
metric distances following a procedure proposed by Restle (1959). , Following 
Restle's procedure, the total number of events in a category (row or column 
sum) is Considered to be the number of elements in a set. Ihe total nmrbar 
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of ocawnyncas o£ binary sequcncos in which behavior in cGtegor/ 1 is follcnicc^ 
^.y behavior in category j; and tito nuicV^r of occttrer«,ces of behavior in category 

foiloijed by behii\dor in category i e^e considered.- as the n^:!jnber or elenents 
CQinrion to sets I and J» LVte distance t^fa:een rets id deterii,ned by the total 
nmnber of nonconrfton ele^aeiiits: that is^^the distance bet:;&en sets X and J is 
tii« difference bate^ieen the total nunbcr'^f eler^ents in the tt'o sets and the 
nunber of elerx^nts cora'ion to bo^: sets* | 

Data ::ere obtained in connection ?:ith a project intended to develop a 
program to train future teachers in techniques ;'or fosterinp; dlver^jent jaroble?! 
solvin?;* Olassroon interactions trere receded in 39 clflssrotnn situations in- 
volving^; 20 teacher traineea** Of thuse^ 10 t:ere students !:ho ':^^d rtjceived 
tr^.ininfr s /:d 10 ::ere con^ls* In each grc^p> two participants were assigned 
to each of five grade levels: Kindei^garten^ Ck*ade 3* Grade 7* Grade 10,. and 

k 

Grade 12* Classroom interaction sessions w^re videotaped in the laboratory 
Schoofe at Illinois State University and were coded by a single Observer 
using an expanded interaction category system (Anddon, Amidon, and Rosenshine, 
1969)* Of the thlrty^categories in the syateiii, nina cat^ories proved to 
be fyoHaWe. These are listed in Table 1* 

Insert Table 1 about here* 

Estimated occupation probabilities for the nine categories of behavior in 
the 39 interaction sequences were analyzed as conditional proximities using 
control parameters appropriate to multidimensional unfoldii^ CCoombs, 196k)* ^^'^^ 
Die configuration producing the lowest minlitmm stress (S « ,169) represented 
the 39 teaching sequences and nine categories in three dimensions* The 
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configuration appears in Fig. 1. In this configuration, the points represented 
bjr open circles (a - 1) correspond to the nine interaction categories. The 
dark circles represent classroom sessions. Ihe first dimension is defined bjr 



Insert Figure 1 about here# 



categories Factual Questions and Evaluative Student 'folk at the positive c7^biei«o 
and Praise, Acceptance of Student Ideas at the negative exti^eane (along vitti 
the "wastebaskef' category Silence, Confusion, Begin, End)# The second dimen" 
sion is defined hy Factual Questions and Factual Student Talk at the positive 
extreme and Lectures, Divergent Questions, and Divergent Student felk at the 
negative extreme* The third dimension is defined bjr Evaluative Questions and 
Divergent Questions at the positive exrhrone and Divergent Student Talk at the 
other • 

It can be seen that three fairly distinct clusters of classroom sessions, 
emerged* 2he first cluster of 10 sessions located in the first octant of the 
space consisted entirely of controls: three Kindergarten, four Grade 3* one 
Grade 7, two G^de 10, and one Grade 12. A second cluster, near the origin 
of the configuration. Included five sessions: one Ofade 3* two Grade 7, and 
two Grade 12; all controls* Bie third, near the surface of the third quadrant 
of the (I, n) plane, consisted of four sessions involving trained subjects 
a.id three sessions involving controls* Ihe controls included one Kindergarten 
session, one Grade 10, and one Grade 12# The sessions involving trained 
participants included one each of Kindergarten, Grade 3* Grade 7, and Grade 12» 
2he (I, III) plane separated sessions involving trained subjects from those 
Involving untrained subjects f)C^ = 10, df = 1, p #005) • 2he untrained subjects 



conducted sessions characterized bjr Evaluative Questions. Factual Student 'folk 
and Evaluative or Student-initiated Student Talk. Trained subjects conducted 
sessions idiich were much mo:-e variable in behavioral emphasis. In four sessions 
the dominant behavior was Divergent Student Talk. Others ranged from nearest 
tc Divergent Questions and Lectures to ajpproxlmateljr equidistant from Divergent 
questions. Evaluative Questions and Evalixative or Student^-ini tinted Student Talk. 

Symmetric distances were analyzed for 20 sessions in which behavior vjas 
coded in eight categories. Of the 20 sessions, 12 were representable in one 
dimension; usually involving clustering of six or seven behavior categories at 
one extreme and one or two at tiie other. In six of the twelve sessions repre*- 
sented in one dimension, the isolated category was Divergent Student Talk. 
Similar conditions were observed in two- and three-dimensional configurations 
except that fewer behavior categories were clustered two and three categories 
were isolated respectively in two- and three-dimensional coofigxirations. Cat- 
egories most frequently isolated were student talk categories. Hie implication 
of this general tendency is that behavior in various student talk categories 
tended to be somewhat independent of teacher talk categories. 

In this study, it appears that multidimensional scaling was not instrumen*- 
tal in -.identifying possible latent states or latent characteristics of individual 
interaction sessions. This may have been due to any of several factors* First, 
all of the participant/S, whether trained or untrained, were inexperienced. The 
absence of coherent organisation of interactions seems plausible under these 
conditions. Second, most of the observed interaction sequences were rather short 
and were of somewhat different intent than might be expected in "real" classrocM 
interactions. Ihird, certain questions could be raised about the general method- 
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ologjr of multidimensional scaling and about specific aspects of this analysis* 

Perhaps the most important general methodological question is whether nec^ 
essarjr empirical conditions are satisfied which nay lead to representation of 
points in a space with the properties of a po^jer metric. The nature of these 
conditions is outlined in Beals, Krantz and TVersky (l96$t They point out that 
failure to satisfy (or even test) the necessary ordinal assumptions compromises 
the interpretabiltty of multidimensional or takes advantage of random variation 
in achieving one* Given^that the necessary assumptions holdj and theoretically 
justifiable distance functions exist, it is not at all clear that a Euclidean 
representation is the appropriate one* A city-block representation^ for example, 
might be more appropriate* 

In conclusion, it must be admitted "ttiat the questions with which we began 
remain,* in the main^ unanswered* Nevertheless, it should not be concluded "ttiat 
the methods are thereby not useful* Ihe separation of trained and untrained 
subjects in the conditional proximity analysis suggests at least empirical utility <^ 
VJhat seems to be called for as a cxnicial component is testing of foundational 
assunqotions from a coherent tiieoretical analysis of the phemenon of classroom 
interaction* Lacking such analysis and testing, multidimensional;- scaling methods 
are tmlikely to rise above the status of elegant and interesting procedures for 
summarizing and displaying data* 
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Table 1* 



Selected Categories from Expanded Classroom 
Interaction Category System. 



Teacher Talk 

a. Teacher praises student or acepts student ideas. 

b. Teacher asks factual questions. 

c. Teacher asks divergent questions. 

d. Teacher asks tjvaluative questions. 

e. Teacher lectures. 



Student Talk 

f . Factual student talk. 

g. Diveri'^ent Student talk. 

h. Evaluative student talk and student-initiated talk. 

i. Silence, confusion, begin sequence, end sequence. 



